Soil contamination by heavy metals not only directly affects soil physical and chemical properties, reduces biological activity, and reduces soil biological nutrient achievement, but also is considered a serious risk to human health by entering the food chain and environmental security through penetrating groundwater. In this study we examined the concentrations and sequential extractions of such heavy metals as iron, lead, copper, zinc, and nickel in soil and wheat in the central part of Sistan, Iran. 160 soil samples and 160 samples of wheat from 20 specified units of soil of agricultural land of central Sistan were randomly sampled. The values of iron, lead, zinc, nickel, and copper were measured using atomic absorption spectrometry according to the standard method. Average concentrations of iron, nickel, copper, zinc, and lead in terms of mg/kg, respectively, were 9,647.34, 18.56, 7.26, 19.80, and 29.90. After examination of sequential extraction, the metals' mobilities were as follows: iron (99%)> nickel (33%)> copper (31%)> lead (27%)> zinc (6%). Wheat measurement results showed that metal accumulation in wheat grain was less than other parts. And also the comparison with the standard shows that the values of the metals in agricultural soil in the area were below the World Health Organization standard and in this sense there is nothing wrong with the health of the soil.
Introduction
Soil is an important and valuable natural source. Several factors can affect soil contamination. Heavy metals due to their physiological effects on living beings in low concentrations are important. The metals, due to their toxicity, stability, and bio-aggregation, are a serious and hazardous environmental contaminant [1] [2] . They have the potential to pollute soil and water and can be scattered and aggregated in plants and animals [3] . They also can increase chronic and intensified toxicity of the food chain by bio-aggregation [4] . Heavy metals also can be in different chemical forms where each form has its own mobility, availability to living beings, chemical reactions, and toxicity. Hence using heavy metals' spatial form and type of link, their availability for living beings and forms entering the environment over time can be studied [5] . In fact, heavy metals' mobility in the environment depends on their chemical form and type of link [6] . Sequential extraction method is one of the methods to understand heavy metals' values in soil and sediment.
Also, some forms of elements can enter water and affect ecosystem living beings. In other words, heavy metals' mobility and their absorption by living beings can be studied [7] . So far several studies have been conducted on total concentration and sequential extraction of heavy metals in different areas of soil. In 2002 Sterckemen et al., by evaluating agricultural land soil contaminated with eight heavy elements surrounding two fusers in D (northern France), reported that atmospheric dust caused by two plants producing lead and zinc caused the pollution of soil surrounded by lead, zinc, cadmium, copper, mercury, indium, and silver, and the correlation between elements' concentrations based on the industrial area is different [8] .
In a study conducted by Kahkha et al. that examined heavy metals' values in agricultural soil and plants irrigated with urban wastewater, the results showed that lead values in three stations and in all plant species was less than the allowed limit, and in agricultural soil was higher than the allowed limit. Cadmium and zinc values in all plant species as well as agricultural soil was within the allowed range, and irrigating agricultural land with wastewater caused heavy metals' aggregation in soil and plants [9] . Honggang et al. (2010) examined heavy metals in water, soil, and plants in riparian wetlands in southern China along the Pearl River, and the results showed that values of cadmium, chromium, copper, nickel, lead, and zinc in soil were more than plants and more in plants than water. Only in lead was a correlation found between its value in soil and plants [10] . Diz (2002) conducted a study in Pennsylvania in which values of some of heavy metals and organic pollutants were compared with sediment quality standard values of Canada and the United States. According to the results, values of all heavy metals investigated were more than the minimum effect, and values of cadmium, lead, zinc, and nickel were more than likely to effect concentrations, and values of copper were less than this amount [11] . Andrade et al. (2010) examined different phases of cadmium, chromium, copper, nickel, lead, and zinc in sediments in Poxim in northern Brazil, and the results showed that Zinc had the highest amount in the exchange phase, and much chromium was found in the remaining phase. The risk assessment carried out on the metals also showed that nickel had the lowest risk (RAC <10%) and lead had the highest level of risk (RAC> 30%) [12] .
Nemati et al. (2011) in Malaysia conducted a study on various phases of heavy metals (zinc, copper, lead, cadmium, chromium, cobalt, nickel) in Sungai Buloh River sediment, and the results showed that chromium, copper, and lead had risks lower than 10%, but cobalt, zinc, and cadmium had moderate risk [13] . Castillo et al. (2011) conducted sequential extraction of heavy metals (copper, nickel, chomiumr, lead, and cadmium) in three steps using a microwave in which chromium and lead had the most part of the exchange [14] . Xiao et al. (2012) conducted sequential extraction of nickel and chromium sediments in southern China's Pearl River. In this study, the five-step extraction method was used and the effect of time on the metals was considered. Also, the effect of time on the concentration of metals has been considered [15] . Gao et al. (2012) conducted a study on sediment pollution on the shores of Bohai Bay in Taiwan, for which different concentrations and phases of cadmium, chromium, copper, nickel, lead, and zinc were measured. All the elements in the entire area (except cadmium and lead in some stations) had little mobility. However, the results showed that cadmium, due to low concentrations, is unlikely to have a negative impact on the environment [16] .
The purpose of this study was to examine heavy metals' values in agriculture soil and wheat of the central part of Zabol, and also calculate the rate of availability of these metals for living beings in the area.
Material and Methods

The Study Area
Sistan-Baluchistan Province, with an area of 187,502 km 2 , compromises 11.5% of the country. The central part is one of Zabol parts in Sistan-Baluchistan Province, in which the majority of the population's income is from agriculture (Fig. 1) .
The main source of water supply of Sistan plain is the Hirmand River. In fact, it is an area lifeline that originates from the mountains of the Hindu Kush and the highlands of Baba Yaghma 40 miles West of Kabul, Afghanistan.
Sampling
This study is descriptive cross-sectional that was conducted in 2014 on agricultural land under wheat cultivation in central Sistan. These zone are relatively far away (about 20 km) from other possible sources of contamination such as human and industrial sewage of Zabol, and is unaffected by these sources. The type of soil in these places is silty loam that contains 50% or more silt and 12-27% clay, or 50-80% silt and < 12% clay. To do this sampling, 10 hectares of agricultural lands were divided into 20 units each of eight samples per unit of agricultural soil, to a depth of 0 to 20 cm of soil. The total number of samples was 160. Soil samples taken were transferred into a sterile sampling container.
Experiments
Determining heavy Metals' Total Concentration
The total concentration of heavy metals was determined as follows: First, 1 g of the sample was weighed and placed in a platinum crucible. Then soil was moistened with a few drops of sulfuric acid, and 5 ml of hydrofluoric acid and 0.5 ml of perchloric acid were added. The soil and acid mixture was placed on a heater until perchloric acid was vaporized. After cooling, 5 ml of hydrofluoric acid was added, and the crucible was capped and placed in a sand bath under 200-225ºC to completely dry the contents of the crucible. Then the crucible was cooled and 2 ml of water and a few drops of perchloric acid were added and left in the sand bath to be dried and cooled. 5 ml of hydrochloric acid 6 N and 5 ml of water were added to the dried and cooled sediment. The crucible was placed on the heater until it reached the boiling point. Finally, when the remaining sediment was totally digested in hydrochloric acid, the samples were transferred to a 50-ml container and the desired volume was obtained. All analysis procedure was replicated three times and the average of results was reported [17] .
Determining Enrichment factor
The enrichment factor (EF) can be used to evaluate the environmental contamination of an area. This factor is calculated based on the amount of a given metal and its concentration in the earth's crust.
The equation below shows how EF is calculated [18] :
…where X is the concentration of a given metal (as underground reference elements), and s and c are the concentration in sediment and the earth's crust, respectively. No acceptable ranking or classification had been proposed prior to that of Sutherland in 2000, which is presented in Table 5 [19] .
Geo Accumulation index
Another common method to estimate heavy metal contamination in sediments is to measure the proportion of heavy metal concentration in sediment to the background concentration of the metal using Igeo and Ipoll indices first introduced in 1969 (Table 6 ) [20] . Igeo = Log2 (Cn/1.5*Bn)
…where Igeo is the geoaccumulation index or contamination intensity index, Cn is heavy metal concentration in the sediment, and Bn is background concentration of the heavy metal in the earth's crust (element concentration in shale). 
Sequential Extraction
The soil samples were sequentially extracted according to the modified Tessier method [21] . The detailed procedures are described as follows: 1. Exchangeable fraction: A total of 1 g of air-dried sediment sample was extracted using 20 ml of MgCl 2 (1 mol/lm pH = 7) for 16 h at room temperature (25-30ºC) under agitation at 160 rpm using a rotary bed. 2. Fraction binding to carbonates: The residue from step 1 was extracted using 20 ml of 1 M NaOAc (adjusted to a pH of 5 with HOAc) for 5 h at room temperature under vigorous agitation using a rotary bed. 3. Fraction binding to hydrous Fe-Mn oxides: The residue from step 2 was extracted using 20 ml of NH 2 OH and 4 M HCl in 25%(v/v) acetic acid for in a water bath (96ºC) with occasional agitation. 4. Fraction binding to organic matter and sulfides:
The residue from step 3 was extracted using 3 ml of 2 M HNO 3 and 30% H 2 O 2 (adjusted to a pH of 2 with HNO 3 ) for 2 h in a water bath (85ºC) with occasional agitation. Subsequently, 3 ml of H 2 O 2 was added to the extracted solution and left for 3 h at 85ºC. Then, 15 ml of 3.2 M NH 4 OAc in 20% HNO 3 was added to the solution and shaken continuously for 30 min at room temperature. 5. Residual fraction: The residue from step 4 was extracted using 8 ml of aqua regia (HCl+HNO 3 ). In each step, after centrifuging for 10 min at 4,000 rpm, the supernatant was separated for analysis [22] . Extracted metals' total concentrations were measured using a Shimadzu AA 7000 atomic absorption spectrophotometer.
Measuring the Concentration of Metals in wheat
In order to measure the concentration of heavy metals in different parts (root, stem, and leaf), first 1 g of each plant-powered sample became ash in an electric furnace at 550ºC and after dissolving ash in hydrochloric acid the concentration of given metals in the filtrated solution was measured by atomic absorption spectrometry [23] .
Quality Control
The 
Results
The results of measuring the concentration of heavy metals in agricultural soil in central Sistan showed that among studied metals, the max average concentration was for iron (340.96 mg/kg) and the min average concentration was for copper (7.26 mg/kg) so that the average concentration of metals according to Table 1 (Table 2 ), we can observe that the average concentration of iron in studied soil is less than the global standard limit. Also, nickel concentration is equal to 18.5 mg per kg. By comparing nickel concentrations with WHO standards we observed that it is less than the global standard limit. Copper and zinc concentrations in studied soil were equivalent to 7.26 mg/ per kg and 19.86 mg/ kg, respectively, which are less than the global standard limit, and the average concentration of lead in agricultural soil in central Sistan is 29.909 mg/kg, which is within the global standard limit.
As part of the work, different geochemical indices were calculated for grading agricultural soil contamination levels in central Sistan (Table 3) .
The results of the contamination factor (cf) for heavy metals in agricultural soil in central Sistan (Table 3 ) and a comparison with the gradation of contamination level of sediments (Table 4) show that iron, nickel, copper, and zinc were at low contamination levels and lead in terms of this index was at medium level. Table 2 . WHO Concentrations for trace metals in soil [24] (mg/kg).
Comparing the results obtained from the index Igeo (Table 4) , Table 5 shows that the index of agricultural soil Ipoll Igeo and central part of Zabol in terms of heavy metals studied are completely non-polluting. By calculating Ef index for heavy metals in studied soil range (Table 3) and comparing with Table 5 , we found that studied metals had the lowest enrichment, indicating a repulsive environment.
Comparing the results obtained from calculating the Igeo index (Table 4) with Table 5 we found thataccording to Ipoll and Igeo indices in agricultural soil in central Sistan -in terms of heavy metals studied, they are completely non-contaminated.
The Results of Sequential Extraction of Soil
To determine the degree of mobility, various links of heavy metals to the area soil were measured in five different phases. These phases include the following (Fig. 2) . IPOLL LGEO EF CF Table 4 . Contamination factor classes with respect to soil quality.
Enrichment at minimum level EF<2
Medium enrichment EF=2-5
Significant enrichment EF=5-20
Intense enrichment EF=20-40
Very intense enrichment EF>40 Table 5 . EF classes with respect to soil quality [25] .
Soil Quality Igeo and Ipoll
Igeo and Ipoll
Very highly polluted 6 >5
Highly to very highly polluted 5 4-5
Highly polluted 4 3-4
Moderatly to highly polluted 3 2-3
Moderatly polluted 2 1-2
Unpolluted to moderately polluted 1 0-1 Unpolluted 0 <0 Table 6 . Igeo and Ipoll classes with respect to soil quality [20] . 
The Results of Wheat
The results of measuring concentrations of heavy metals in wheat are expressed in Table 7 .
Discussion
The results for the total concentration of iron in this study indicate in Table1 that the metal is consistent with the results of Shahbazi et al., who showed that average concentrations of copper, nickel, and zinc in the study area were less than the maximum acceptable concentrations for agricultural land in other countries [26] . But mean concentration of chromium was higher than the maximum acceptable concentrations in Poland, Canada, and Australia, so we can say that the area is contaminated to some extent by chromium [27] . Also, the study results are not consistent with the results of Tabari et al., who examined the effect of irrigation by urban wastewater on the accumulation of iron, copper, and lead in forest soil (acacia), and the results of determining the concentrations of heavy metals in water samples (urban wastewater and sewage) and soil showed that urban wastewater and irrigating soil with it had high levels of the above heavy metals [28] , but no nickel contamination was observed in central Sistan, so the results are not consistent with the results of Diz (2002) [11] and Harchegani (2013) [29] . In this study, lead has been obtained within the global standard limit and the value is not problematic for crops. In studies of Kahkha (2009) [9] , Tabari [28] , Diz [11] and Beigi [29] , lead values are incompatible with the present study. Zinc values are less than the limit, which is consistent with the results of Kahkha and Shahbazi [9] and inconsistent with the results of Harchegani and Diz [11, 29] . It seems that low values of heavy metals in agricultural soil in central Sistan are due to the area soil irrigation through Hirmand River water, and farmers do not use urban wastewater. Also, due to the lack of industrial plants (lack of human resources), amounts of iron, lead, nickel, zinc, and copper in soil are less than WHO standards (Table 2) . Although the use of pesticides and chemical fertilizers will cause low input and accumulation of heavy metals in the soil, planning a continuous monitoring system is necessary, especially in Helmand River water that flows from Afghanistan to Iran with no precise control over the emission of pollutants into the water in Afghanistan. The results for heavy metals are only due to the area geology, and then the area soil in terms of heavy metals studied is suitable for agricultural purposes.
Given that even if values of heavy metals obtained are less than the standard limit, regarding the link type between the metal and soil, a part of the metal in soil can be absorbed by plants. In this study, five chemical phases were examined, showing metals' availability for living beings.
The results of sequential extraction shown in Fig. 2 indicate that iron had the max percentage of exchangeable phase, about 70% is available for plants, and the minimum percentage was related to zinc. The theory that the exchangeable part in the soil is very toxic and important in terms of availability for living beings has been widely accepted [30] . The part easily enters water and through absorption enters living beings' bodies [31] . Most heavy metals entering the environment through human activities are in an exchangeable part [32] .
In the carbonate phase, 30.7% is iron, 20.75% is nickel, 2.98% is zinc, 17.8% is copper, and 15.68% is lead. Studies show that heavy metals related to the carbonate phase have poor links that by a little change of the environment, especially in pH, enter the water [22] . Therefore, regarding two first phases iron is mainly absorbed by plants in the area.
Iron sulfide and the manganese-related part is considered one of the best geochemical phases to control heavy metals' behavior in the sediment. For the part is linked to the sediment under natural conditions of the environment [33] . The link is changed by environmental changes (pH) [34] . Lead is the main part of the link (39.95%). Also, about one-third of zinc and copper in the phase shows that the metals are not available to plants. Although the phase linked to organic materials causes a moderate limit to the sediment and metal link, it is likely that living beings can use the metals in the phase. The phase is composed of .09% iron, 26.55% nickel, 20.28% zinc, 21.38% copper, and 23.93% lead. Heavy metals with human origin in the environment are totally introduced as inorganic compounds easily absorbed by the sediment with poor physicochemical links [35] . There is no concern about remaining metals in the phase, although the presence of an element in the phase shows that we should expect low mobility for the phase is a strong one [36] . The phase is composed of 53.45% zinc -the highest percentage. The lowest percentage is for iron.
Comparing the results with risk assessment code (RAC) classification, showing evaluation of metals' risk in the soil, showed that iron had maximum mobility. 99% of total concentration of the metal can enter the environment. Iron(99%) > Nickel(33%) > Copper(31%) > Lead(27%) > Zinc(6%) -Lead concentration recommended by WHO and FAO is 0.2. -The nickel threshold limit in cereals has been determined at 1.63 mg/ kg, and nickel average concentration in wheat is less than the allowed limit, with average concentration of nickel is as seed > stem > root. -Average concentration of zinc in wheat is less t han value recommended by WHO and FAO (27.4 mg/kg), so zinc concentration in the samples is within the allowed limit. Zinc deficiency is one of the most common deficiencies of micronutrients in calcareous and alkaline soil. The main reason is lack of available zinc in soil. Calcareous soil has an alkaline reaction. Consequently, any plants are striving for micronutrients such as iron, zinc, copper, and magnesium. -The maximum allowed concentration of copper in cereals based on WHO/ FAO has been reported as 3 mg per kg, and average copper concentration of wheat tested was less than the recommended limit.
Conclusions
Considering that in central Zabol wastewater is not used for farm irrigation, as well as due to the lack of industrial plants (absence of lead sources, etc.), values of iron, lead, nickel, zinc, and copper in area soil was less than the WHO standard. In conducted studies in industrial cities, lead and zinc concentrations -because of air pollution and fossil fuels -are more than the measured standard limit, while values of the two metals were measured less than the standard limit in this study area. Also, the availability of lead and zinc because of air pollution in industrial cities was high. In a study carried out on soil in Zabol, values of the two metals had the min availability among studied metals.
